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Achieving alcohols to aldehydes conversion in an energy efficient and environmentally 
benign way still remains a challenge. In this work, we describe highly efficient, 
chemoselective and quantitative conversion of alcohols (e.g., Benzylalcohol, 4-
methoxybenzyl alcohol cinnamyl alcohol and 4-nitrobenzyl alcohol) to corresponding 
aldehydes using synthesized and characterized visible-light photocatalysts, i.e., silver 
orthophosphate (Ag3PO4) and platinum-modified nanoporous hierarchical bismuth 
tungstate spheres (Pt/Bi2WO6) in water under simulated sunlight at ambient conditions. 
Dependency of alcohol oxidation on substrate concentration, photocatalyst amount and 
metal loading was studied. The experimental results indicates that chemoselective 
(>99%), quantitative (>99%) and efficient conversion (>90%) of alcohols to the 
corresponding aldehydes were achieved using Ag3PO4, likewise, highly efficient, 
chemoselective (>99%) and quantitative (>99%) conversion were achieved using 
Pt/Bi2WO6. No overoxidation of the formed aldehyde was observed during the 
photooxidation process until comprehensive alcohol oxidation was attained. Pt/Bi2WO6 
showed substantial oxidation under dark and course of conversion was different than that 
of under light. The effect of various radical scavengers was investigated and the rate 
determining step was elucidated. It has been envisaged that the reduction site of 
semiconductor photocatalysts plays more decisive role in determining the 
chemoselectivity as alcohol preferably get oxidized over that of water. 
  
  ivx
 
 )CIBARA( TCARTSBA
 ملخص الرسالة
 
 
 رامي بهاء الدين عبد الرحمن السيد:                      الاسم الكامل
 
 أكسدة الكحوليات إلى الالدهيدات المقابلة بكفاءة وانتقائية عاليه باستخدام حافزات     :                  عنوان الرسالة
 ملية تصنيع مسالمة بيئيا ع: ضوء مرئي -ضوئية                                      
 
 كيمياء    :                       التخصص
 
 2014مايو :          تاريخ الدرجة العلمية
 
. اللحظةبيئيا وغير مكلفه اقتصاديا تحديا حتى هذه  سليمةبطريقة  المقابلةالالدهيدات  إلى الكحولعملية تحويل تمثل 
تنجسات البزموث و   )4OP3gA( الفضة؛ فوسفات )مرئي وءض( نضوئيي حافزينتم تحضير  هذا البحثفي 
ومن ثم استخدما في  التركيبيةوتم التحقق من بنيتهما  , )4OP3gA(من البلاتين ريةت نانومتئابجزي والمطعمة المحورة
 -4 كحول السنميل و, ميثوكسي الكحول البنزيلي -4, الكحول البنزيلي(مثل  المركبات الكحوليةعملية تحويل بعض 
 أشعة, وذلك في وجود الماء وكميا ةانتقائية كيميائي و بكفاءة عاليهالالدهيدات المقابلة  إلى) نايترو الكحول البنزيلي
الضوئي  الحافزكمية , المتفاعلةتركيز المواد : كلا من تأثيرتم دراسة . لاعتياديةتحت الظروف ا) محاكة(شمس  وءض
تحويل  وكفاه% 99 >تحول كمي , %99> كيمائيه  انتقائيةليا تم الحصول على عم. ونسبة الفلز المستخدم في التطعيم
تحويل  وكفاه% 99>تحول كمي , %99> كيمائيه  انتقائيةفي المقابل تم الحصول على , 4OP3gAباستخدام %99 >
ى اكتمال خلال التفاعل حت المتكونةللالدهيدات  أكسدهعملية  أيلم يتم ملاحظه . 6OW2iB/tPباستخدام % 99 >
 أنحيث , وءفي عدم وجود الض تالكحوليا أكسدةمقدرته الفعالة على  6OW2iB/tPوقد اظهر . تالكحولياتحول كل 
للتفاعل عن طريق دراسة  المحددةتم استنتاج الخطوة . عن ذلك في حالة وجود الضوء امختلف االتفاعل يسلك مسار
 الحافزاتموصلات  لأشباه الاختزاليةمواقع ال أن إلىنخلص  الدراسةمن هذه . الحرةمختلف مثبطات الجذور  تأثير
 .ات عن الماءليوالكح أكسدةتفضل حيث  الكيميائية الانتقائيةتلعب دورا حاسما في تحديد  الضوئية
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CHAPTER 1 
1 INTRODUCTION 
1.1 Alcohols to aldehydes conversion   
Utilization of photocatalytic process for the synthesis of fine chemicals via an 
environmentally benign pathway is envisioned [1]. Light is one of the indispensable ideal 
reagents for a green chemical synthesis; unlike many ordinary reagents, light produces no 
waste, non-toxic, and can be generated from many renewable sources. Thus, transition 
metal photocatalysis is representing  an auspicious pathway towards the development of 
industrial processes in an environmentally friendly fashion [2]. Attempts have been made 
to achieve numerous functional group transformations, such as amine to imine [3–5], 
nitro to azo [6], aniline to azobenzene [7], hexane to hexanone and hexanol [8], and 
alcohols to corresponding aldehydes [9–14]. Selective, efficient and complete oxidation 
of alcohols into corresponding carbonyl compounds, such as aldehydes, ketones, etc., is 
of paramount significance for fine chemical industries because carbonyl compounds are 
being used in food, beverage, and pharmaceutical industries as well as a raw material in 
chemical industries [15,16]. To achieve the aforementioned conversions, the use of 
stoichiometric inorganic reagents, such as KMnO4, K2CrO4 etc., is predominant in 
industries. Although such reagents offer high activity and selectivity, accumulation of 
waste products arising from the use of these inorganic reagents poses threat to the 
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environment.  Intensive effort, therefore, has been carried out in past years to develop 
‘green oxidation processes’. Although there are active heterogeneous metal catalysts 
being developed for the aerobic oxidation of various alcohols, the reactions are carried 
out in harmful organic solvents and/or under vigorous conditions [17–19]. On the 
contrary, semiconductor-mediated photocatalytic process in context of selective oxidation 
is still in its infancy as new photocatalysts are being explored to achieve oxidation of 
alcohols in a green fashion. 
 
1.1.1 Conventional oxidation methods 
One of the most fundamental synthesis of fine chemicals and intermediates in industrial 
synthetic chemistry is selective oxidation, because the corresponding carbonyl 
compounds serve as important and versatile intermediates for the synthesis of fine 
chemicals, especially the oxidation of alcohols to aldehydes which is truly a very 
important laboratory and commercial procedure [20]. Stoichiometric oxygen donors 
oxidizing reagents such as permanganate and dichromate have been conventionally used  
in order to achieve this transformation [17]. Chromium  trioxide CrO3, Chromate CrO4 
-2
 
and dichromate Cr2O7 
-2 
are examples  of  oxidation reagents  containing Cr(VI) used  
under  acidic and aqueous  conditions.  These  reagents  are  very  strong oxidizers and 
under these vigorous  reaction  conditions aldehydes  are  formed, however the  aldehydes  
are further  oxidized  to  carboxylic  acids. In  the  presence  of  pyridine and methylene  
chloride  (CH2Cl2)  as  solvent chromium  trioxide  is  often  used  to  form  Collin’s 
which is a toxic complex composed of two molecules of pyridine (CrO3-pyridine2) and 
one molecule of CrO3. This reagent contains no water and due to this it can be used to 
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oxidize a primary alcohol to an aldehyde without further oxidation to a carboxylic acid. 
Although Cr (VI)  reagents  are  excellent oxidizing reagents, but it’s all toxic, harmful 
and very hazardous to deal with [21,22]. Another oxidizing reagent is permanganate  ion  
(MnO4 
−
, obtained  from  potassium  permanganate [KMnO4]). Primary alcohols can be 
oxidized using permanganate in  basic  solution  to form potassium  carboxylate  salts and 
then  carboxylic acid  after the addition  of  a  strong  acid such  as  dilute  HCl. KMnO4 
can  react  with  carbon—carbon triple  bonds (alkynes) or double (alkenes)  so, it can not 
be used to oxidize an alcohol which contains a triple or double bond. Furthermore, 
KMnO4 can not be used to  oxidize  secondary  alcohols  to  ketones  because  many  
ketones  react further with KMnO4 [21]. These stoichiometries oxidants appear to have a 
serious drawbacks under these vigorous conditions that they have serious toxicity issues 
associated with them and the production of a large amount of wastes lead to production of 
large amounts of hazardous and toxic wastes due to the use of halogenated organic 
compounds as solvents [17–19]. Therefore, the development of selective, efficient and 
environmentally friendly catalysts for alcohol oxidation is a subject of a major interest. 
Thus, Several studies have been investigated for transition metal-based homogeneous 
systems such as rhenium, ruthenium, iron, tungsten, palladium, manganese, and copper. 
Moreover, Pt, Fe, Ru, Au and Pd nanoparticals supported on AC, poly-ethylene glycol, 
alumina, titania, silica, zeolite, hydroxyapatite, etc. have been studied as heterogeneous 
catalysts for the aerobic oxidation of alcohols (eq 1). However, the use of metal-catalyzed  
 
                                                                                                                                    (1) 
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aerobic processes often require a large amount of the catalyst, an excess of bases or 
ligands and high oxygen pressures. Moreover, the difficulties in recovering the expensive 
catalyst metals and ligands from the reaction mixture limit the use of homogeneous metal 
catalysts on an industrial scale [23]. 
 
1.1.2 Photocatalytic oxidation method 
The degradation process of harmful molecules using heterogeneous photocatalysis was 
successfully applied Since 1970 on the basis of the generally known statement that this 
process is quite unselective oxidation especially if it's performed in water. Commercial 
specimens of anatase/rutile mixed phases or Anatase (such as Degussa P25) are 
commonly used in the degradation processes. Recent studies have, however highlighted 
that various reactions in the field of organic syntheses can be performed using 
photocatalysis as a major role. One of these reactions is the partial oxidation of -CH2OH 
group to –CHO, which is an important key to the production of many organic products 
[9]. The need for an environmentally friendly oxidation process is today of primary 
importance where the sun as a green and free energy source can be used. Photocatalysis is 
an indispensable oxidation method, especially when used with organic-free solvents. One 
of the main goals in organic syntheses is the selective oxidation of hydroxyl groups. 
Thus, environmentally harmful conditions, which involve organic solvents at high 
pressure and temperature, and also stoichiometric oxygen donors (such as chromate and 
permanganate), which produce large amounts of dangerous waste, are unfavorable [12]. 
Utilization of heterogeneous semiconductor-mediated photocatalytic process for 
oxidation of alcohols seems propitious owing to its environmentally friendly and 
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renewable attributes. Yet, photocatalytic process in context of selective oxidation is still 
in its infancy as new photocatalysts are being explored to achieve oxidation of alcohols in 
a green fashion [24–27]. The fundamentals of semiconductor-mediated photocatalytic 
process have been well documented in the literature by a multitude of authors [28–30]. 
Briefly, by providing energy equal to or greater than the band gap of semiconductor 
photocatalyst, an electron may be promoted from the valence band to the conduction 
band (e
−cb) leaving behind an electron vacancy or “hole” in the valence band (h+vb). If 
the charge separation is maintained, the electron and hole may migrate to the catalyst 
surface where they participate in redox reactions with absorbed species. Specially, h
+
vb 
may oxidize surface-bound H2O or OH
−
 to produce hydroxyl radical (OH
•
), and e
−
cb can 
reduce oxygen to generate superoxide radical anion (O2
−•
) fig 1.1. These radical species 
are extremely reactive and make the photocatalytic process somewhat non-selective. Due 
to its non-selective attributes, most of the previous studies involving photocatalysis 
focused on environmental cleanup, H2 production, and CO2 reduction, etc.. [28,31,32]. 
Recently, the perspectives of photocatalytic oxidation process for the synthesis of fine 
chemicals such as, alcohols to aldehydes in energy efficient and environmentally benign 
pathway have been envisaged and numerous photocatalysts are being explored [33–36]. 
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Figure 1.1 Schematic representation of the photocatalytic process, reproduced from [37]. 
 
1.2 Band gap and radicals formation 
Due to the electronic structure of Semiconductors (e.g. ZnO, ZnS, CdS, FezO3, TiO2, 
etc..) they can act as sensitizers for light-reduced redox  processes, which is characterized 
by band gap: a band of energy in the region between the conduction bands (CB) And 
valence bands (VB). The competition between the process of removing the electrons from 
the surface of the semiconductor and the recombination process of the electron/vacancy 
pair determines the efficiency of photocatalysis [28,38]. The recombination process can 
take place in the case of unsuitable electron and hole scavengers where the stored energy 
is dissipated within a few nanoseconds. But if the  electron or hole is trapped by a 
suitable scavenger or surface defect state the recombination is inhibited and redox 
reactions may occur. The VB holes are powerful oxidants (+1.0 to +3.5 V vs NHE 
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depending on the semiconductor and pH), while the CB electrons are good reductants  
(+0.5 to -1.5 V vs NHE) [28]. The band gap of various semiconductor materials is shown 
in fig 1.2. 
 
  
 
 
 
 
Figure 1.2 Band levels of various semiconductor materials, reproduced from [57]. 
 
Irradiation of semiconductor, such as nitrogen-doped TiO2, carbon-doped TiO2, GaP, 
GaAs, CdS, or CdSe, can form electrons with a high reduction potential and irradiation of 
semiconductor, such as metal-doped TiO2, WO3, or Fe2O3, can generate holes with high 
oxidation. Thus, the challenge could be addressed by designing or selecting 
photocatalysts with appropriate band edges from both types to generate a system with 
holes having a high oxidation potential or/and electrons having a high reduction potential 
as needed. As mentioned before the non-selective nature of photocatalysis could be 
attributed to the formation of extremely reactive and short-lived radicals such as OH
•
, 
O2
−•
, HO2
•
 etc. Possible radicals formation in the case of water oxidation on the surface of 
photocatalysts is shown in subsequent reactions below [39]. 
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Development of photocatalysts that can selectively drive the oxidation of alcohols in 
water under mild conditions remains an attractive challenge. One of the intrinsic 
prerequisites of the photocatalysts for high selectivity and conversion appears to be a 
combination of high oxidation potential of valence band holes and low reduction 
potential of conduction band electrons. Recently, silver orthophosphate (Ag3PO4) is 
reported to have exceptional before-mentioned electronic attributes and high 
photocatalytic activity fig 1.3 [40,41]. Bi2WO6 was also reported as a highly efficient 
visible-light-driven photocatalyst, stable, non-toxic and have an appropriate band gap. In 
addition, Pt deposition onto the surface of Bi2WO6 inhibit the electron-hole pair 
recombination, which remains more ubiquitous in absence of oxidant [42]. Therefore 
Silver based (Ag3PO4) and Bismuth based (Pt-Bi2WO6) catalysts are chosen to study the 
photoxidation of some selected alcohol such as, benzyl alcohol (BA), 4-methoxy benzyl 
alcohol (4-MBA) and cinnamyl alcohol (CA) to corresponding aldehydes in water at 
room temperature under simulated sunlight excitation which is an energy efficient and 
environmentally benign process. 
 9 
 
 
 
Figure 1.3 Schematic drawing of redox potentials of Ag3PO4, reproduced from [40]. 
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1.3 Objectives of the study 
The main objective of this study is to develop and synthesize Silver (Ag) based and 
Bismuth (Bi) based catalysts for photocatalytic oxidation of alcohols to corresponding 
aldehydes. This will be achieved by the following specific objectives: 
 
i. Synthesis of silver orthophosphate (Ag3PO4) by a simple ion-exchange method. 
ii. Synthesis of bismuth tungstate (Bi2WO6) by a hydrothermal method followed by  
photodeposition method for Pt deposition on the surface of Bi2WO6. 
iii. Optimization of the synthesis conditions for both of the catalysts. 
iv. Characterization of  both catalysts using different analysis techniques, such as field 
emission scanning electron microscope (FESEM), transmission electron microscope 
(TEM), X-ray diffractometer (XRD), Raman spectroscopy, Brauner-Emmet-Teller 
(BET) surface area measurement, diffuse reflectance UV-visible spectrophotometer 
(DRS), energy dispersive X-ray spectroscopy (EDS), Fourier transform infrared 
spectroscopy (FT-IR) and thermogravimetric analysis (TGA). 
v. Performance evaluation of the photocatalytic activity of both catalysts towards the 
oxidation of some selected alcohols, such as benzyl alcohol (BA), 4-methoxy benzyl 
alcohol (4-MBA), cinnamyl alcohol (CA) and 4-nitro benzylalcohol (4-NBA) to the 
corresponding aldehyde. 
vi. Studying different experimental parameters to enhance the photocatalytic activity of 
the catalysts, such as alcohol concentration, catalyst amount, reaction time, O2 and 
N2 bubbling and the effect of electron withdrawing or/and electron donating groups. 
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vii. Studying the conversion efficiency in water at room temperature under simulated 
sunlight excitation using gas chromatography mass spectrometer (GC-MS). 
viii. Investigate the selectivity of the prepared catalysts towards alcohols oxidation to the 
corresponding aldehydes. 
ix. Assessment of the conversion yield of the photocatalytic reaction. 
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CHAPTER 2 
2 LITERATURE REVIEW 
Ever since the discovery of light-activated water splitting on a TiO2 electrode (the so-
called Honda effect) [43], photocatalytic processes have been widely investigated owing 
to their renewable attributes.  Most of the earlier studies involving photocatalysis focused 
on environmental cleanup, H2 production, and CO2 reduction etc. [28,31,32]. Recently, 
the utilization of photocatalytic process for the synthesis of fine chemicals via an 
environmentally benign pathway has been explored [1,2]. Many literatures reported for 
alcohol oxidation into corresponding carbonyl compounds, such as aldehydes, ketones, 
etc.., using different type of ultraviolet-light active photocatalysts, Visible-light-active 
photocatalysts and other photocatalysts. 
 
2.1 Ultraviolet-light active photocatalysts      
Many works have been conducted by many researchers for the oxidation of different 
alcohols to the corresponding carbonyl compounds using ultraviolet-light active 
photocatalyst. Palmisano et al. investigated the photocatalytic oxidation of 4-
methoxybenzyl alcohol to p-anisaldehyde in aqueous suspensions using home-prepared 
and commercial titanium dioxide (TiO2) catalysts. The preparation of nanostructured 
TiO2 samples was carried out by boiling aqueous solutions of titanium tetrachloride 
(TiCl4), under mild conditions, for different times. The highest yield obtained for the 
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conversion of 4-methoxybenzyl alcohol to p-anisaldehyde was (41.5 %) with conversions 
of (65 %) using home-prepared titanium dioxide catalyst compared to the commercial 
TiO2 samples which give a maximum yield of only (10.8 %). The main oxidation product 
was found to be carbon dioxide. Other by-products formed were traces of aliphatic 
products and 4-methoxybenzoic acid [14]. Another approach done by Augugliaro et al. 
for the oxidation of benzyl alcohol (BA) and 4-methoxybenzyl alcohol (4-MBA) using 
home-prepared aqueous suspensions of TiO2 and commercial TiO2 catalysts. CO2 and 
corresponding aromatic aldehydes were the main oxidation products for both alcohols. 
The selectivity of the home-prepared catalysts towards the aldehyde production was up to 
28% and 50% conversion for benzyl alcohol and for 4-methoxybenzyl alcohol was 41% 
and 65% conversion, which is about four times higher than the commercial TiO2.Using 
small amounts of an aliphatic alcohol such as ethanol, methanol, tert-butanol or 2-
propanol found to be efficient for enhancing the selectivity of aldehyde formation up to 
1.5 times but decreases the overall oxidation rate of aromatic alcohols [44].  
 
Augugliaro et al. investigated the photocatalytic oxidation of 4-MBA and BA but this 
time with another rutile TiO2 prepared from TiCl4 at low temperature. An improvement in 
the selectivity towards the formation of aromatic aldehydes was observed, 60 and 38 % 
for 4-MBA and BA, respectively table 2.1. CO2 reported to be the only byproduct 
formed. Aldehyde and acid were detected besides some hydroxylated aromatic 
compounds [45]. 
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Table 2.1 Selectivity towards aldehyde formation of many HP Rutile TiO4 and commercial 
catalysts 
 
Catalyst 
 
 
HP298 
 
HP333 
 
HP333D 
 
HP673 
 
HP973 
 
Merch 
 
Sigma-
Aldrich 
Selectivity BA 
[%mol] 
12.1 38.2 33.5 12.2 9.9 7.9 9.2 
Selectivity 4-MBA 
[%mol] 
- 60.0 56.2 50.1 40.0 15.9 20.9 
 
The same group of researchers (Augugliaro et al.) performed a photocatalytic oxidation 
of 4-MBA using home-prepared anatase, rutile, and brookite TiO2 to study the selectivity 
towards the formation of 4-methoxy benzaldehyde in organic-free water suspensions in 
the presence of a UV lamp. The obtained photoreactivity resulted from the HP and 
commercial catalysts were summarized in table 2.2 [46].  
 
Table 2.2 Photoreactivity results of HP and commercial catalysts 
 
Catalyst 
 
 
HPA
a 
 
HPA
a 
 
HPR
b 
 
HPR
b
 
 
HPB
c 
 
HPB
c
 
 
SA
d 
 
Merck
e 
 
SSA/m2 g-1 
 
235 235 107 107 82 82 2.5 10 
Particle size/ 
nm 
28 28 50 50 95 95 240 170 
Selectivity 
[%mol] 
31 39 58 62 39 50 21 16 
 
 
BET (SSA) specific surface areas of catalysts, 
a
Home-prepared anatase, 
b
Home-prepared 
rutile, 
c
Home-prepared brookite, 
d
Sigma-Aldrich rutile. 
e
Anatase. 
Another work done by Raffaele et al. to oxidize benzylalcohol to benzaldehyde using 
TiO2/Cu(II) photocatalyst under acidic conditions, in aqueous solution irradiated by UV 
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lamp. With  respect  to the  initial  concentration of benzylalcohol the highest yield 
obtained in this work was 35% of benzaldehyde. Partial conversion of benzaldehyde to 
benzoic acid has been observed. Some by-products, such as 4-hydroxy-benzaldehyde, 2-
hydroxy-benzaldehyde, 4-hydroxy-benzylalcohol and 2-hydroxy-benzylalcohol, has been 
detected and this formation of by-products was Attributed to the formation of active OH
•
 
radicals. During the process Cu(II) was totally reduced to copper(0). The reduced  
copper(0) was easily reoxidized to Cu(II) in the presence of oxygen, in the dark [47]. 
 
Daijiro et al. tried to perform a photocatalytic selective oxidation of alcohols to aldehydes 
using a new system where TiO2 was coated with WO3 as an electron acceptor site to 
enhance the selectivity and inhibit the recombination of electrons to the valence band. 
WO3/TiO was irradiated with a light source (λ > 350 nm) with O2 in water. The highest 
catalytic activity for the loaded WO3 on the catalyst (TiO2) was 8 wt %, which gave much 
better selectivity (60%) than the previously reported systems. This high activity of this 
catalyst was attributed to transfer of TiO2 electron’s from the conduction band to the 
surface of WO3 which leads to charge separation and inhibit the recombination of the 
electrons therefore, increasing the oxidation efficiency of the catalyst. The high aldehyde 
selectivity is due to the coating by WO3 where, the availability of TiO2 becomes less so, 
the adsorption of the formed aldehydes on the surface of TiO2 will be suppressed and no 
further reaction of aldehydes will occur fig 2.1 [48]. 
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Figure 2.1 Reactions on surfaces of a) TiO2 and b) WO3/TiO2, reproduced from [48]. 
 17 
 
A highly selective photocatalyst for the oxidation of benzylalcohol was reported by Wei 
et al. using modified TiO2 by transition metal clusters under UV irradiation in presence of 
molecular oxygen. According to the metal type, preparation method, metal loading and 
reaction conditions different photocatalytic performance were observed. The highest 
photocatalytic oxidation activity towards benzylalcohol to the corresponding carbonyl 
compounds obtained by Ir/TiO2 system (92% selectivity and 8.9% conversion). Loading 
of iridium on the surface of TiO2 can inhibit the recombination of electrons to the 
photogenerated holes which increase the photocatalytic activity and also helps to activate 
the molecular oxygen to increase the selectivity in the photocatalytic oxidation reactions. 
Oxidation of the formed aldehyde to CO2 was avoided under solvent-free conditions and 
this is due to the suppression of OH
• 
formation, but the formation of benzoic acid and 
subsequent esterification couldn’t be avoided which is a common problem for the 
oxidation of primary alcohols. A mechanism for the oxidation process are shown in fig 
2.2 [35].  
Figure 2.2 Mechanism for the oxidation process of benzylalcohol to benzaldehyde, reproduced 
from [35]. 
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Last but not least in using UV active photocatalyst, Shinya et al. conducted a series of 
reaction using TiO2 loaded with Nb2O5 between (0-5 mol%) for the photooxidation of 
some alcohols such as, 3-pentanol, cyclohexanol, 1-pentanol, and 2-pentanol. When the 
amount of Nb2O5 increased the formation of O3
-
 Significantly decreased and this was 
investigated by ESR. It was found that loading over 4 mol% of Nb2O5 will completely 
disappear the formation of O3
-
, which will increase the selectivity of the catalyst but at 
the same time it will decrease the photocatalytic activity. The highest selectivity towards 
the partial oxidation products was 97% with 3 mol% of  Nb2O5 loading. At the 
conversion level of 20% with 3 mol% of Nb2O5 loading the selectivity obtained was 85% 
under atmospheric oxygen, 0.1g catalyst and 10 ml alcohol without the usage of solvent. 
A schematic draw for the photooxidation of alcohols over TiO2/ Nb2O5 are shown in fig 
2.3 [33]. 
 
Figure 2.3 Photooxidation of alcohols over TiO2/ Nb2O5, reproduced from [33]. 
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2.2 Visible-light-active photocatalysts   
Using UV light for the irradiation of catalyst is the most commonly used in the 
photocatalytic experiments specially for TiO2. The first report for the selective 
photooxidation of alcohols (4-tertiary-butylbenzyl alcohol, 4-(trifluoromethyl) benzyl 
alcohol, 4-methoxybenzyl alcohol, 4-methylbenzyl alcohol, 4-chlorobenzyl alcohol, and 
4-nitrobenzyl alcohol) into corresponding aldehyde under visible light irradiation using 
TiO2 has been done by Shinya et al. A high selectivity and conversion yield were 
obtained >99% under atmospheric O2 using organic solvent (Acetonitrile), and this 
prevents the formation of  radicals which are responsible for the non-selective oxidation 
process. They demonstrated this high percent by the adsorption of alcohols on the surface 
of the TiO2 to form a surface complex, involving OH groups, that leads to the absorption 
of visible light and resulting in a high conversion and selectivity [49]. 
 
Zhang et al. conducted a series of reactions using cadmiumsulfide nanocomposites 
assembled on two-dimensional graphene Scaffold (CdS-GR) under visible-light 
irradiation for selective photooxidation of alcohols into corresponding aldehydes. They 
evaluated the photocatalytic activity of the catalyst with different weight addition ratios 
of GR (blank-CdS, CdS 1% GR, CdS 5% GR, CdS 10% GR, and CdS 30% GR). The 
reactions were carried out in different solvents for 4 h irradiation. The photocatalytic 
activity is shown in fig 2.4. It was found that the optimal performance obtained for the 
photooxidation of alcohols was by (CdS 5% GR), with ~ 45% conversion, ~ 45% yield 
and >99% selectivity, using trifluorotoluene as a solvent. The enhancement in the 
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photocatalytic activity and selectivity is attributed to two reasons, first the fabrication of 
the catalyst with GR which is a highly conductive and inhibit the recombination of the 
excited electrons, second the usage of organic solvent (trifluorotoluene) prevents the 
formation of radicals which are in charge of the non-selective photooxidation process 
[24].  
 
Figure 2.4 Photocatalytic activity of (CdS 5% GR) in different solvents, reproduced from [24]. 
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Further enhancement for a selective oxidation of alcohols to aldehydes using visible light 
irradiation has been done by the same group of researchers (Zhang et al.) using CdS 5% 
GR decorated by TiO2 nanoparticles to form a ternary CdS-GR-TiO2 hybrid. The 
enhancement of the photocatalytic activity attributed to the introduction of TiO2 which 
Accelerates the interfacial charge-transfer rate, prolongs the lifetime of photogenerated 
electron−hole pairs and enlarge the surface area. The highest photocatalytic performance 
in both conversion and yield found to be for CdS-5% GR-10% TiO2 nanocomposite [25]. 
Another approach has been done by Atsuhiro et al. where they tried to use cerium (IV) 
oxide (CeO2) loaded with gold (Au) nanoparticals, prepared by the photodeposition 
method, for the photocatalytic oxidation of aromatic alcohols to the corresponding 
aldehydes under irradiation of green light, in an aqueous solution in the presence of O2.  
1 wt% of Au was chosen to evaluate the photocatalytic performance where the surface of 
CeO2 is fully saturated. Benzylalcohol was examined for the photooxidation process, it 
was found that benzylalcohol was consumed after 20 h of irradiation to form only 
benzaldehyde without any detection of CO2. A high selectivity and conversion of 
benzylalcohol were obtained >99% for both. Only (33 µmol) from alcohols was used, 
Au/CeO2: 50 mg, water: 5 cm
3
 and O2 : 1 atm [26].  
 
Zhang and co-workers investigated the role of O2 in the selective photocatalytic  
oxidation  of benzylalcohol  to benzaldehyde and how selectivity depends on the position 
of valence band of semiconductors. A series of reactions have been employed for a 
different reported photocatalysts (g-C3N4, P25, In(OH)xSy, Bi3O4Br,Cu2O, and BiOBr) 
having a different band gap to study the photooxidation process of benzylalcohol under 
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visible light and O2 role. These photocatalysts classified as 5 types (I-V) according to the 
band gap of each catalyst fig 2.5.  From the obtained results it was concluded that to have 
a selective photocatalyst for the oxidation of benzylalcohol to benzaldehyde under visible 
light irradiation the CB position of the catalyst must be more negative than the reduction 
potential of O2/
•
O2
−
 (−0.33 V), the VB position must be must be laid between the  
reduction potentials of BA/BAD and BAD/oxidized BAD (1.98–2.50  V) and the energy 
of band gap must be just a little bit more than 2.31 eV.  
 
Figure 2.5 Catalysts energy band position, reproduced from [29]. 
 
Therefore, they used Bi12O17Cl2 (nanobelts) photocatalyst to confirm the aforementioned 
conclusion, where it has the three criteria for a selective photooxidation process of BA to 
BAD. It was found that the main role of O2 is to trap the electrons generated by light to 
form 
•
O2
−
.
 
This process helps to inhibit the electrons recombination and it is not 
contributing in the benzylalcohol oxidation. The highest conversion and selectivity 
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obtained in presence of O2, using acetonitrile as a solvent and under visible light 
irradiation for 8 hours and was 41% and >99% respectively [29]. 
 
2.3 Other Catalysts 
There are a huge number of heterogeneous metal catalysts that can be used for the 
oxidation of alcohols to corresponding carbonyls, but as mentioned before that there are 
some drawbacks for using such kind of catalysts which limit the use of these catalysts on 
an industrial scale. Table 2.3 summarizes several studies using different type of catalyst 
for the oxidation of alcohols. 
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Table 2.3 Summary of different catalysts for alcohol oxidation. 
 
Author Catalyst       Conclusion Reference 
    
Xianqin et al. Au/RGO BA  conversion 65% 
BAD  selectivity 93% 
[50] 
Christopher et al. meso-Al2O3 BA  conversion 70% 
BAD  selectivity 97% 
[51] 
Dan et al. Au-Pd/TiO2 BA  conversion 70% 
BAD  selectivity 91.6% 
[52] 
Eduardo et al. Ru(PPP)/MB-H2O2 BA  conversion >99% 
BAD  selectivity >99% 
[53] 
Kohsuke et al. PdHAP-0 BA  conversion >99% 
Yield 99% 
[20] 
 
Hua-yin et al. Mn2O3- NP BA  conversion 65% 
Yield 65% 
[54] 
Hui et al. Au/CuO BA  conversion 58.5% 
BAD  selectivity 98.2% 
[55] 
Ankush et al. CpMo(CO)3(C≡CPh) BA  conversion 86% 
BAD  selectivity 92% 
[56] 
Kazuya Pt–TiO2 BA  conversion 99% 
BAD  selectivity >99% 
[57] 
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CHAPTER 3 
3 RESEARCH METHODOLOGY  
3.1 Chemicals and materials 
 
Most of the chemicals were purchased from Sigma Aldrich with a purity > 99.99%  (e.g., 
benzyl alcohol (BA), 4-methoxy benzylalcohol (4-MBA), cinnamyl alcohol (CA), 4-nitro 
benzylalcohol (4-NBA), Benzaldehyde, 4-methoxy benzaldehyde, Cinnamaldehyde, 4-
nitro benzaldehyde and Platinum hexachloroplatinate H2PtCl6). Other chemicals and 
materials have been used are as follow: Disodium Hydrogen Phosphate heptahydrate 
(Na2HPO4.7H2O), crystalline/ACS certified, fisher chemicalSilver,  nitrate (AgNO3), 
>99.0%, Sigma Aldrich, pluronic F127, Sigma Aldrich, Bismuth nitrate pentahydrate 
Bi(NO3)3.5H2O, 99.99%, Aldrich, Sodium tungstate dihydrate (Na2WO4.2H2O), >99%, 
Sigma Aldrich and Terephthalic acid, 98%, Aldrich. 150 ml size reactor was used with 
230 W tungsten-halogen lamp (OSRAM) which emits <2% UV light. Also O2 and N2 
cylinders were used with a purity of 99.9999%. 
 
3.2 Synthesis of Ag3PO4 
 
Ag3PO4 was prepared following the synthesis procedure documented in the literature 
[40]. In a typical synthesis, required amount of Na2HPO4.7H2O (0.27 g, 0.001 mol) was 
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dissolved in double distilled water (50 mL) followed by addition of AgNO3 (0.34 g, 0.002 
mol). A bright yellow precipitate was immediately formed and resulting suspension was 
kept under stirring for 2 h for a complete reaction. The product was collected by 
centrifugation, washed several times with water and ethanol and was dried at 90 ⁰C for 
overnight. 
 
3.3 Synthesis of nanoporous hierarchical Bi2WO6 
 
In a typical synthesis, 0.5 g Pluronic F127 was completely dissolved in 20 ml water 
acidified with nitric acid (pH ~1). Bismuth nitrate (0.08 M) was added and the solution 
was stirred until a clear solution was obtained. On the other hand, an aqueous solution of 
sodium tungstate Na2WO4.2H2O (0.04 M, 20 ml water) was prepared separately. Solution 
of sodium tungstate was added drop wise to the mixture of bismuth nitrate with vigorous 
stirring at room temperature. As a result, a white colloidal solution was obtained which 
was further kept under stirring for 2 h. Then, the solution was transferred into a 125 ml 
Teflon vessel and heated at 170 °C for 20 h under autogenous pressure. After cooling, the 
product was collected, thoroughly washed with water and ethanol to remove any residual 
surfactant and dried at 110 °C under vacuum overnight. 
 
3.4 Synthesis of (Pt/Bi2WO6) 
 
The deposition of platinum onto the surface of the Bi2WO6 was performed using a photo-
deposition method in a similar immersion well photochemical reactor fig 3.1. Briefly, 130 
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ml of water was added to the reaction vessel and the required amounts of metal salt 
(H2PtCl6) and Bi2WO6 were added. The suspension was stirred and purged with high 
purity argon gas for at least 1h to remove the dissolved oxygen. Methanol (10 vol%) was 
added as an electron donor. Irradiation was carried out using a 230 W tungsten-halogen 
lamp (OSRAM) for 6 h. After irradiation, the Pt loaded catalyst was washed with water 
and ethanol and separated through centrifugation and dried at 110 °C under vacuum 
overnight. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 Schematic draw of photo-reactor. 
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3.5 Characterization 
 
The prepared catalysts were characterized by different techniques such as, field emission 
scanning electron microscope (FESEM), transmission electron microscope (TEM), X-ray 
diffractometer (XRD), Raman spectroscopy, Brauner-Emmet-Teller (BET) surface area 
measurement, diffuse reflectance UV-visible spectrophotometer (DRS), energy dispersive 
X-ray spectroscopy (EDS) and Fourier transform infrared spectroscopy (FT-IR). 
 
3.5.1 Field Emission Scanning Electron Microscope (FESEM) 
Field emission scanning electron microscope (TESCAN LYRA 3 FEG) was used to 
investigate the surface topography of the catalysts. 
 
3.5.2 Transmission Electron Microscope (TEM) 
High-angle annular dark-field transmission electron microscope (HAAD-TEM), FEI 
Company, was used to create a magnified detailed images for the catalysts also to have an 
information on the internal structure of the samples. 
 
3.5.3 X-ray Diffractometer (XRD) 
XRD, (Shimadzu XRD Model 6000, Japan), is an excellent analytical technique used for 
phase identification of a crystalline material.  
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3.5.4 Raman spectroscopy 
Raman, iHR320 Horiba Spectrometer with CCD was used to observe vibrational, 
rotational, and other low-frequency modes in the catalysts which provides a fingerprint 
by which the molecule can be identified. 
 
3.5.5 Brauner-Emmet-Teller (BET) surface area measurement 
BET analysis (Micromeritics, USA) was used to provide precise-specific surface area, 
pore area, pore volume and pore size of the tested catalysts. 
 
3.5.6 Diffuse Reflectance UV-visible Spectrophotometer (DRS) 
Diffuse Reflectance Spectroscopy (DRS), JASCO V670 was used to measure the 
characteristic reflectance spectrum produced as light passed through the catalysts which 
contains information about the optical properties and structure of the catalysts being 
measured. 
 
3.5.7 Energy Dispersive X-ray Spectroscopy (EDS) 
EDS (Oxford Instrument-England and X-Max detector) was used for the elemental 
analysis or chemical characterization of the samples. 
 
3.5.8 Fourier transform infrared spectroscopy (FT-IR) 
FT-IR (Nicolet 6700 spectrometer-Thermo electron, USA) was used to identify chemical 
bonds in the catalysts by producing an infrared absorption spectrum. The recorded spectra 
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is a distinctive molecular fingerprint that can be used to screen and scan samples for 
many different components and also for detecting functional groups in the samples. 
 
3.6 Photocatalytic experiments  
 
The photocatalytic activity for the oxidation of alcohols was evaluated using immersion 
well photochemical reactor made of Pyrex glass equipped with a magnetic stirring bar, a 
water circulating jacket and with openings for supply of gases. A detailed schematic of 
photocatalytic reactor is delineated in fig 3.2. For irradiation experiment, 130 ml solution 
was taken into the photo-reactor and required amount of photocatalyst was added and the 
solution was stirred for at least 15 min in the dark. The zero time reading was obtained 
from the solution withdrawn before the light was turned on. Irradiations were carried out 
using a 230 W tungsten-halogen lamp (OSRAM) which emits <2% UV light, a radiation 
spectrum emulating sunlight. The temperature was controlled and kept at room 
temperature by circulating cold water through the outer jacket of the reactor. Samples (3 
ml) were collected before and at regular intervals during the irradiation and the catalyst 
was removed by filtration. 
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Cooling water 
Outlet for sample  
collection 
Inlet for gases 
Magnetic stirrer 
lamp 
Reaction vessel 
Figure 3.2 photo-reactor set up. 
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3.7 GC-MS analysis 
 
All the irradiated solutions were extracted by 3 ml of chloroform in three portions, 1 ml 
each, for maximum extraction. Analysis of the extracted samples was carried out by gas 
chromatography mass spectrometer (Agilent Technologies fig 3.3) using capillary 
column (5% phenyl methyl siloxan, 30 m × 320 µm × 0.25 µm). Selected ion monitoring 
mode (SIM) was used for routine analysis.  Programing of the GC oven temperature was 
as follows: it was set to reach 40 ⁰C in 1 min, then 10 ⁰C/min to reach 200 ⁰C. Injection 
volume was 100 nl with split ratio 2:1. The calibration curves were obtained by injecting 
standards solutions of reactants and products, such as benzyl alcohol, benzaldehyde, 4-
methoxy benzyl alcohol, and 4-methoxy benzaldehyde and so on. The concentrations of 
alcohols and aldehydes were determined from the peak areas. Percent (%) conversion and 
selectivity was calculated using below formulae; 
 
 
 
 
 
Cr0 = the initial concentration of the reactant, Cr = the concentration of the reactant 
during the reaction, Cp = the concentration of the product during the reaction. 
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Figure 3.3 Gas chromatography mass spectrometer (Agilent Technologies). 
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3.8  Photoluminescence studies 
 
3.8.1 Ag3PO4 Photoluminescence study 
A 100 mL of the 5 × 10−4 M terephthalic acid aqueous solution with concentration of 2 × 
10
−3 M NaOH was taken into the photo-reactor. Reactions were carried out both in the 
absence or presence of 1 × 10
−3 M BA. Required amount of Ag3PO4 was added and 
resulting suspension was kept under stirring for 15 min under dark. Then, the lamp was 
turned on and samples were collected, after every 2 mins, and filtered to remove catalyst 
particles. Photoluminescence analysis of irradiated solutions was performed on a 
fluorescence spectrophotometer (Horiba, FluoroLog
®
-3) using an excitation wavelength 
of 308 nm. 
 
3.8.2 Pt/Bi2WO6 Photoluminescence study 
A 120 mL of the 5 × 10−4 M terephthalic acid aqueous solution with concentration of 2 × 
10
−3 M NaOH was taken into the photo-reactor. Reactions were carried out both in the 
absence or presence of 1 × 10
−3 M 4-MBA. Required amount of Pt/Bi2WO6 was added 
and resulting suspension was kept under stirring for 15 min under dark. Then, the lamp 
was turned on and samples were collected and filtered to remove catalyst particles. 
Photoluminescence analysis of irradiated solutions was performed on a fluorescence 
spectrophotometer (Horiba, FluoroLog
®
-3) using an excitation wavelength of 308 nm. 
  
 35 
 
CHAPTER 4 
4 RESULTS AND DISCUSSION FOR Ag3PO4 
PHOTOCATALYST 
4.1 Characterization 
 
4.1.1 Field emission scanning electron microscope 
To investigate the surface topography of the catalyst analysis was performed using 
(FESEM) field emission scanning electron microscope, (TESCAN LYRA 3 FEG). The 
particle agglomerates have sharp-faceted features of fractured surfaces and fall in the 
range of ~ 0.5 to 2 µm. Fig 4.1 shows scanning microscopic image of Ag3PO4. 
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Figure 4.1 Field emission scanning electron microscopic image. 
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4.1.2 X-ray Diffractometer  
X-ray diffraction analysis was employed using Shimadzu XRD Model 6000, Japan. The 
XRD analysis revealed the formation of a single phase crystalline material and the peaks 
could be indexed as those belonging to Ag3PO4 in BCC structure (JCPDS no.: 6-505); 
sharpness of the peaks is representative of a polycrystalline material. Fig 4.2 shows the 
XRD pattern of Ag3PO4. 
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Figure 4.2 Powder XRD patterns of Ag3PO4. 
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4.1.3 Diffuse Reflectance UV-visible Spectrophotometer  
Optical properties were examined by diffuse reflectance spectroscopy (DRS), JASCO 
V670. Which evinced that Ag3PO4 is capable of absorbing light with wavelength shorter 
than 530 nm (capable to absorb visible light). Direct and indirect band gaps were 
measured to be 2.42 and 2.34 eV, respectively. Fig 4.3 (a) & (b) show diffuse reflectance 
spectrum of Ag3PO4. 
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Figure 4.3 (a) & (b) Diffuse reflectance spectrum of Ag3PO4. 
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4.2 Activity and selectivity evaluation of Ag3PO4 
 
To evaluate the activity and selectivity of Ag3PO4, the oxidation reactions were carried 
out in water at room temperature and ambient pressure using a light source that simulated 
sunlight. The conversion of BA to benzaldehyde was followed by GC-MS analysis and 
the complete course of evolution in BA and benzaldehyde concentration with irradiation 
time is presented in fig 4.4 (a-h). In addition, analysis of irradiated samples taken out at 
regular time interval was carried out by UPLC to substantiate the GC-MS analysis. 
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Figure 4.4 (a) & (b) Representative GC-MS chromatograms showing a time-
dependant conversion of BA to benzaldehyde. 
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Figure 4.4 (c) & (d) Representative GC-MS chromatograms showing a time-
dependant conversion of BA to benzaldehyde. 
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Figure 4.4 (e) & (f) Representative GC-MS chromatograms showing a time-
dependant conversion of BA to benzaldehyde. 
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Figure 4.4 (g) & (h) Representative GC-MS chromatograms showing a time-
dependant conversion of BA to benzaldehyde. 
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An exemplified time-dependant conversion of benzyl alcohol to benzaldehyde is shown 
in fig 4.5 As can be seen, ~90% of BA was converted to benzaldehyde with >99% yield 
after ~ 4 h of irradiation. A quantitative analysis of BA and benzaldehyde concentrations 
revealed the mole-to-mole conversion. Although one of the overriding limitations in 
achieving selective oxidation by photocatalytic process is the overoxidation of reactants 
or products during longer irradiation time, no change in aldehyde concentration occurred 
even after 8 h signifying that the Ag3PO4 was extremely selective for BA, but not for 
benzaldehyde oxidation. 
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Figure 4.5 Change in the concentrations of benzyl alcohol and benzaldehyde upon irradiation 
with and without Ag3PO4. Experimental conditions: Ag3PO4 = 2 gL
-1
, initial alcohol 
concentration = 0.6 mM, irradiation time = 8 h, volume (H2O) = 130 ml. 
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In a recent study [48], the overoxidation or simultaneous oxidation of benzyl alcohol and 
benzaldehyde has been attributed to the complexation of benzaldehydes, unlike benzyl 
alcohol, with TiO2 surface. Interestingly, the overoxidation was much averted when TiO2 
surface was substantially covered with the layers of WO3, as WO3 was found to be 
passive towards surface complexation with benzaldehyde. In this study, to investigate if 
there is any interaction between BA or benzaldehyde and Ag3PO4 surface, adsorption 
experiments were carried out by stirring the aqueous suspension of Ag3PO4 with BA or 
aldehyde or mixture of BA and benzaldehyde (1:1 volume ratio) under dark for 24 h. 
After experiment, the catalyst was separated by centrifugation and dried under vacuum, 
and the change in catalysts surface was followed by FTIR & Raman, while any change in 
alcohol or aldehyde concentration was analyzed by GC-MS. Presence of any trace of 
alcohol or aldehyde was not noticeable, as could be seen from FTIR spectrums illustrated 
in fig 4.6, Furthermore, GC-MS analysis did not indicate any apparent change in alcohol 
or aldehyde concentrations. The dearth of noticeable physisorption of BA or 
benzaldehyde onto the surface of Ag3PO4 explains, to certain extent, the suppression of 
aldehyde oxidation. Furthermore, controlled experiments, in the absence of catalyst or 
light, were also performed which did not show any change in alcohol concentration, 
indicating that both light and catalyst were required to trigger and sustain the oxidation. 
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Figure 4.6 FTIR spectrums of Ag3PO4 analyzed after adsorption experiments; (a) pure Ag3PO4, 
(b) Ag3PO4 obtained after pure BA adsorption experiment, (c) Ag3PO4 obtained after pure 
benzaldehyde adsorption experiment, and (d) Ag3PO4 obtained after mixture of BA: 
benzaldehyde (1:1 volume ratio) adsorption experiment. Experimental conditions: Ag3PO4 = 2 
gL
-1
, substrate concentration = 0.6 mM, reaction time = 24 h, Volume (H2O) = 130 ml. 
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4.3 Oxidation dependency on alcohol concentration and catalyst 
amount 
 
From a mechanistic and application point of view, it is important to correlate the 
dependence of oxidation with the alcohol concentration and the catalyst loading. Hence, 
the conversion of BA with its concentrations and catalyst loading was studied and results 
are shown in fig 4.7 (a) & (b). As readily seen, the conversion increased monotonically 
with BA concentration up to 0.6 mM followed by a decrease at higher concentration. This 
could be due to the fact that up to 0.6 mM BA concentration, sufficient number of active 
sites is available on the photocatalyst surface which promote oxidation and hence lead to 
higher conversion. Decrease in percent conversion at 0.8 mm could be attributed to the 
existence of a finite number of active sites. Since highest conversion was observed at 0.6 
mM concentration of BA, the effect of catalyst loading on percentage conversion was 
investigated at this optimal BA concentration, which showed a parabolic dependence-
characteristic of heterogeneous catalytic process. This is expected; an increase in the 
amount of photocatalyst leads to more photon absorption. This in turn, leads to a higher 
degree of surface activation, thereby causing an increase in the degree of BA adsorption 
and, generating more holes in the valence band for oxidation. This triggers interfacial 
electron transfer from BA to the valence band holes, causing an increase in conversion. 
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Figure 4.7 Dependence of BA oxidation on (a) BA concentration and (b) Ag3PO4 amount. 
Experimental conditions: irradiation time = 8 h, volume (H2O) = 130 ml. 
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In order to assess the performance and selectivity of Ag3PO4 for other alcohols, oxidation 
of 4-MBA and cinnamyl alcohol was also studied, and the results are summarized in table 
4.1. 
 
Table 4.1 A comparative photocatalytic oxidation of benzylalcohol, 4-methoxy benzylalcohol and 
cinamyl alcohol to their corresponding aldehydes under identical experimental conditions. 
[a] 
 
[a] Ag3PO4 = 1 gL
-1
, initial alcohol concentration = 0.6 mM, irradiation time = 8 h, volume (H2O) 
= 130 mL, 
(*)
 traces of benzaldehyde and benzene acetaldehyde were form. 
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As was the case with BA, 4-MBA also underwent >85% oxidation forming anisaldehyde 
in yield and selectivity exceeding 99% (on mole-to-mole conversion basis). However, in 
the case of cinnamyl alcohol, although the conversion was ~90%, selectivity was partially 
lost as benzaldehyde and benzene acetaldehyde were also formed in addition to 
cinnamaldehyde, whose yield was still >90%. Time-dependant conversion of 4-
methoxybenzyl alcohol into p-anisaldehyde and cinnamyl alcohol into cinnamaldehyde 
are shown in fig 4.8 (a) & (b). 
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Figure 4.8 Conversion of (a) 4-methoxybenzyl alcohol into p-anisaldehyde and (b) cinnamyl 
alcohol into cinnamaldehyde with respect to irradiation time. Experimental conditions: Ag3PO4 = 
2 gL
-1
, alcohol concentration = 0.6 mm, Irradiation time = 8 h, Volume (H2O) =130 ml. 
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4.4 Radicals formation and reaction mechanism 
 
Unlike previous reports on the photocatalytic oxidation of alcohols, greater selectivity 
was observed in this study. Essentially, the non-selective nature of photocatalysis could 
be attributed to the formation of extremely reactive and short-lived radicals such as OH
•
, 
O2
−•
, HO2
•
 etc., O2 is readily reduced to O2
−•
 by excited conduction band electrons while 
the holes in the valence band can oxidize water, generating OH
•
 radicals. These radical 
species are extremely reactive, though short lived, and make the photocatalytic process 
somewhat non-selective. Particularly, O2 may affect the overall photocatalytic oxidation 
in two ways; as an oxidant (electron acceptor) or direct incorporation of molecular 
oxygen to yield product. Hence, formation or the involvement of such radicals was 
examined in order to understand the operative mechanism responsible for the high 
selectivity. To determine the role of O2
−•
, the oxidation of BA was carried out both in the 
absence and presence of molecular O2, by bubbling N2 or O2 through photoreactor. 
Results showed that the conversion was independent of the ambient environment, 
indicating that O2 seemingly did not play any role in the oxidation of BA. This could be 
attributed to the lower or more negative redox potential of O2/O2
−•
 (-0.16 eV, 1M vs. 
NHE at pH = 7) [48], than the electrode potential of /Ag3PO4 (+0.8 eV vs. NHE at pH = 
7) [40].
 
Findings further suggested that the oxidation of alcohols via photocatalytic 
process essentially proceeds through the involvement of valence band holes, rather than 
direct incorporation of molecular oxygen. Based on these observations, a plausible 
mechanism involving 2 electrons and protons transfer process operative in the oxidation 
of alcohols to corresponding aldehydes is illustrated in fig 4.9. Furthermore, the path (A) 
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appears to be more likely as the formation of radical at the β-carbon may result in the 
delocalization of this electron in the adjacent benzene ring, imparting additional stability 
and rather slow oxidation of BA. It seemed plausible to postulate that the excited 
electrons were taken up by Ag
+
 ions of the Ag3PO4 because the standard redox potential 
of Ag(I) (Ag
+
/Ag
⁰ 
= +0.8 eV) is higher or more positive than the conduction band 
potential of Ag3PO4 which implies that the Ag
+
 is likely to be reduced to Ag
⁰
 by excited 
conduction band electrons. This assumption was corroborated by XRD analysis of 
irradiated/used Ag3PO4, which showed the presence of metallic silver in the sample. 
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Figure 4.9 A proposed mechanism of photocatalytic oxidation of alcohol. 
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Additionally, the role of OH
•
 produced through water oxidation in the reaction media was 
investigated. Since terephthalic acid tends to trap OH
•
 radicals and gets transformed into 
fluorescent 2-hydroxyterephthalic [58], photocatalytic experiments were performed to 
monitor the generation of OH
• 
via employing terephthalic acid as a probe molecule both 
in the absence or presence of BA. The change in fluorescence intensity, which is a 
function of OH radicals, was monitored by photoluminescence. The time-dependant 
evolution of the fluorescence spectra for terephthalic or 2-hydroxyterephthalic acid in the 
absence or presence of BA is shown in fig 4.10. High intensity was observed when 
terephthalic acid was irradiated without BA, indicating generation of OH
•
 via oxidation 
of H2O. However, in the presence of BA, the intensity was strongly suppressed revealing 
preferred oxidation of BA over that of water. 
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Figure 4.10 Change in fluorescence intensity of terephthalic acid with respect to irradiation time 
in aqueous suspensions of Ag3PO4 in (a) absence or (b) presence of BA. 
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The observed role of O2, accompanied by Ag
+
 to Ag
⁰
 reduction and suppression of OH
•
 
formation, corroborates the plausible mechanism depicted in fig 4.11 for the selective 
oxidation of alcohols in presence of Ag3PO4. 
 
 
 
 
Figure 4.11 Schematic draw shows the involvement of O2
−•
, OH
• 
and holes in the selective 
photocatalytic oxidation of alcohols. R = aryl group. 
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CHAPTER 5 
5 RESULTS AND DISCUSSION FOR Pt/Bi2WO6 
PHOTOCATALYST 
5.1 Characterization 
 
Structural details of Bi2WO6 or Pt/Bi2WO6 were investigated employing standard 
analytical techniques. Representative images showing the shape and morphology of 
sample are illustrated in Fig (5.1 – 5.3). 
 
5.1.1 Field emission scanning electron microscope  
SEM analysis was performed using field emission scanning electron microscope 
(TESCAN LYRA 3 FEG). Fig 5.1 (a) & (b) shows scanning microscopic images of 
Pt/Bi2WO6. Images confirmed the formation of self-assembled spheres with hierarchical 
architecture. The diameter and thickness of the spheres were measured to be 2–4 µm and 
<1 µm, respectively. High resolution images revealed that the hierarchical structure was 
consisting of rod-like crystallites, as illustrated in fig 5.1 (b).  
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Figure 5.1 (a) & (b) Field emission scanning electron microscopic image. 
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5.1.2 Transmission Electron Microscope (TEM) and Brauner-Emmet-Teller 
(BET) surface area measurement 
High-angle annular dark-field transmission electron microscope (HAAD-TEM), FEI 
Company and BET analysis (Micromeritics, USA) were used. Analysis of high resolution 
TEM images showed the presence of two types of porosity; mesoscopic porosity, fig 5.2 
(a), and ordered porosity fig 5.2 (b). The pore size was measured to be >3 nm; it 
corroborated the observation of BET analysis which measured the pore size ~3.5 nm. 
BET surface area of Pt/Bi2WO6 was measured to be ~50.4 m
2
g
-1
. The shape of deposited 
Pt nanoparticles, fig 5.2 (c) was observed to spherical while the size was determined to be 
~2 nm.  
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Figure 5.2 (a) & (b) High-angle annular dark-field Transmission Electron Microscopic image. 
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Figure 5.2 (c) High-angle annular dark-field Transmission Electron Microscopic image. 
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5.1.3 Energy Dispersive X-ray Spectroscopy (EDS) 
Energy dispersive X-ray  (Oxford Instrument-England and X-Max detector) was used for 
the elemental analysis of the catalyst. The EDS analysis of the catalyst confirms its 
chemical composition which consists of (PT, W, O, and Bi). Fig 5.3 shows the chemical 
characterization of Pt/Bi2WO6. 
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Figure 5.3 EDS spectrum of Pt/Bi2WO6. 
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5.1.4 X-ray Diffractometer (XRD) 
X-ray diffractometer, (Shimadzu XRD Model 6000, Japan), was used for the phase 
identification of the catalyst. The crystalline nature of the sample was determined by 
XRD and the obtained diffraction patterns are presented in fig 5.4. Which confirmed a 
well crystalline russellite structure of bismuth tungstate (peaks positons & indexing). 
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Figure 5.4 XRD of platinized nanoporous Bi2WO6. 
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5.2 Activity evaluation of Pt/Bi2WO6 
 
The photocatalytic activity of Bi2WO6 synthesized at different temperature such as 130, 
150, 170 and 190 °C was investigated. Since Bi2WO6 synthesized at 170 °C showed the 
best photocatalytic activity, all the Bi2WO6 samples were synthesized at this temperature. 
All the photocatalytic reactions were carried out in water at room temperature and 
ambient pressure under simulated sunlight. The openings of photoreactor were properly 
closed in order to preclude the escape of product(s) formed during reaction. The products 
formed during the photooxidation of alcohols were extracted and analyzed by GC-MS 
analysis, in addition to Ultra Performance Liquid Chromatography (UPLC) which 
substantiated the GC-MS observation. A representative time-dependent variation in 
concentrations of 4-MBA and anisaldehyde is presented in fig 5.5 (a). As can be 
apparently seen, upon irradiation concentration of 4-MBA decreased with time and after 
~ 4h of irradiation >95% of 4-MBA was converted to p-anisaldehyde with >99% yield 
and >99% selectivity. A quantitative analysis of 4-MBA and anisaldehyde concentrations 
revealed the mole-to-mole conversion and trace formation of any other product was not 
noticeable throughout the course of the reaction. In order to follow the course of 
oxidation process after exhaustive alcohol oxidation, irradiation was prolonged and 
photocatalyst amount was increased (1.0 gL
-1
). Fig 5.5 (b) shows the change in 4-MBA 
concentration under prolonged irradiation, while corresponding evolution in GC-MS 
spectra is delineated in fig 5.6 (a-h) Interestingly, after almost complete oxidation of 4-
MBA, oxidation of p-anisaldehyde ensued. 
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Figure 5.5 (a) & (b) Change in the concentrations of alcohols and aldehydes upon irradiation; (A 
& B) 4-MBA and p-anisaldehyde in the presence of Pt/Bi2WO6.  
Experimental conditions: 4-MBA or 4-NBA concentration = 0.8 mM, 0.5%Pt/Bi2WO6 amount = 
0.5 gL
-1
, volume (H2O) = 130 mL. Symbols: [●] 4-MBA or 4-NBA, [○] p-anisaldehyde or p-
nitrobenzaldehyde. 
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Figure 5.6 (a) & (b) Change in GC-MS chromatograms showing the time-dependant conversion 
of 4-MBA into p-anisaldehyde.  
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Figure 5.6 (c) & (d) Change in GC-MS chromatograms showing the time-dependant conversion 
of 4-MBA into p-anisaldehyde. 
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Figure 5.6 (e) & (f) Change in GC-MS chromatograms showing the time-dependant conversion of 
4-MBA into p-anisaldehyde. 
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Figure 5.6 (g) & (h) Change in GC-MS chromatograms showing the time-dependant conversion 
of 4-MBA into p-anisaldehyde. 
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In addition to 4-MBA, conversion of 4-nitrobenzyl alcohol (4-NBA) was also studied to 
evaluate and verify the selectivity and efficiency of Pt/Bi2WO6 towards other alcohol. 
Furthermore, selection of 4-NBA would also shed light on the effect of electron 
withdrawing substituent on the oxidation process. Results are presented in fig 5.7 (a), 
which showed that 4-NBA underwent >85% oxidation forming 4-nitrobenzaldehyde with 
yield and selectivity exceeding 99% (on mole-to-mole conversion basis), though 4-NBA 
oxidized slower than that of 4-MBA. A slower oxidation of 4-NBA could be ascribed to 
the electron withdrawing attributes of nitro group which makes –CH2–OH electron 
deficient and thus somewhat resistant to oxidation. Oxidation of 4-MBA was also 
examined in the presence of pure Bi2WO6 and results, presented in fig 5.7 (b), indicated 
<45% conversion, though the selectivity was maintained. 
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Figure 5.7 (a) & (b) Change in the concentrations of alcohols and aldehydes upon irradiation; (a) 
4-NBA and p-nitrobenzaldehyde in the presence of Pt/Bi2WO6 and (b) 4-MBA and p-
anisaldehyde in presence of pure Bi2WO6. 
Experimental conditions: 4-MBA or 4-NBA concentration = 0.8 mM, 0.5%Pt/Bi2WO6 amount = 
0.5 gL
-1
, volume (H2O) = 130 mL. Symbols: [●] 4-MBA or 4-NBA, [○] p-anisaldehyde or p-
nitrobenzaldehyde. 
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Unlike previous studies in which one of the predominant constraints in achieving 
selective oxidation by photocatalytic process has been the overoxidation of reactants or 
products during longer irradiation time, this study presents peculiar example of complete 
oxidation of alcohol followed by aldehyde in presence of Pt/Bi2WO6. In a recent study 
[48], the overoxidation was correlated with the complexation of aldehydes, unlike alcohol 
which does not complex, with TiO2 surface. When TiO2 surface was substantially 
covered with the layers of WO3, overoxidation was much averted because WO3 was 
found to be inactive for aldehyde oxidation. In this study, to investigate if there is any 
interaction between p-anisaldehyde and Pt/Bi2WO6 surface, adsorption experiments were 
carried out and any change in catalysts surface was followed by FTIR while any change 
in aldehyde concentration was analyzed by GC-MS. FTIR spectrums, presented fig 5.8, 
showed identical patterns and presence of any trace of aldehyde was not noticeable. 
Furthermore, GC-MS analysis did not indicate any decrease in aldehyde concentrations. 
The dearth of noticeable physisorption of p-anisaldehyde onto the surface of Pt/Bi2WO6 
explains, to certain extent, the suppression of aldehyde oxidation. 
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Figure 5.8 FTIR spectrums of Pt/Bi2WO6 analyzed after adsorption experiments of p-
anisaldehyde; (a) 0 h, (b) 4 h (c) 8 h and (d) 12 h. 
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5.3 Oxidation dependency on alcohol concentration, catalyst amount 
and amount of deposited Pt 
 
From a mechanistic and application standpoint, it is important to correlate the dependence 
of oxidation with the substrate concentration, the catalyst loading and the amount of 
deposited Pt. Therefore, the effect of such parameters was investigated and the results are 
illustrated in fig 5.9 (a-c). As readily seen, the oxidation increased monotonically with 4-
MBA concentration up to 0.8 mM followed by a decrease at higher concentration. This 
could be due to the fact that up to 0.8 mM 4-MBA concentration, sufficient number of 
active sites is available on the photocatalyst surface which promote oxidation and hence 
lead to higher conversion. Decrease in percent conversion at 1.0 mM could be attributed 
to the existence of a finite number of active sites. Since highest conversion was observed 
at 0.8 mM concentration of 4-MBA, the effect of catalyst loading on percentage 
conversion was investigated at this optimal 4-MBA concentration. The obtained 
conversion trend showed a parabolic dependence, which is a characteristic of 
heterogeneous catalytic process. Besides the availability of more photocatalyst’s surface, 
an increase in the amount of photocatalyst leads to more photon absorption, which in turn 
generates a higher amount of active surface or photo-excited holes in valence band for 
oxidation. This triggers interfacial electron transfer from 4-MBA to the valence band 
holes, causing an increase in conversion. Since Pt nanoparticles deposited onto the 
surface of Bi2WO6 significantly improved the photocatalytic activity, the amount of 
deposited Pt may play an important role in the optimization of the photocatalytic 
oxidation of 4-MBA 
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Figure 5.9 (a) & (b) Dependence of 4-MBA oxidation on (A) 4-MBA concentration and (B) 
Pt/Bi2WO6 amount. Pt amount deposited on Bi2WO6.  
 Experimental conditions: irradiation time = 4 h, 4-MBA concentration = 0.8 mM, 
0.5%Pt/Bi2WO6 amount = 0.5 gL
-1
, volume (H2O) = 130 mL. 
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Figure 5.9 (c) Dependence of 4-MBA oxidation on Pt amount deposited on Bi2WO6.  
 Experimental conditions: irradiation time = 4 h, 4-MBA concentration = 0.8 mM, 
0.5%Pt/Bi2WO6 amount = 0.5 gL
-1
, volume (H2O) = 130 ml. 
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Change in alcohol and aldehyde concentrations or % conversion with respect to Pt 
amounts (0.25, 0.5, 1.0, 2.0 and 5.0 wt%) is presented in fig 5.9 (c). As could be 
apparently seen, the highest conversion was obtained with 0.5 wt% Pt, followed by a 
decrease at higher Pt loadings. The improvement in oxidation in the presence of 
platinized bismuth tungstate may be attributed to the possible formation of a Schottky 
barrier between Pt and Bi2WO6. In general, the formation of a Schottky barrier between 
noble metals and semiconductor photocatalysts has been discussed previously by other 
authors [28, 59, 60].
 
At higher Pt loadings, decrease in the oxidation efficiency may be 
rationalized in terms of the fact that substantial coverage of photocatalyst’s surface by Pt 
may take place which could potentially serve as a shield and prevent the incident photons 
from impinging on the Bi2WO6 surface, thereby decreasing the photocatalytic 
performance [61]. Under optimized experimental conditions, the reaction rate for the 
conversion of alcohol was calculated to be 0.2 mMh
-1
, using 1 gL
-1
 photocatalyst amount, 
which is to the best of our knowledge the highest rate reported as yet under photocatalytic 
conditions. 
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5.4 Radicals formation and reaction mechanism 
 
In most of the earlier documented studies relating to the photocatalytic oxidation, the 
selectivity was essentially maintained up to a certain degree of alcohol oxidation (ca. 
60%) and the selectivity diminished as the reaction proceeded owing to the overoxidation 
of by-products, oxidation of aldehyde for instance. Interestingly, the selectivity towards 
p-anisaldehyde sustained with Pt/Bi2WO6 until exhaustive oxidation of 4-MBA took 
place followed by further oxidation of p-anisaldehyde. Substantially, the non-selective 
behavior of semiconductor-mediated photocatalytic process could be attributed to the 
formation of extremely reactive and short-lived radicals such as OH
•
, O2
−•
, HO2
•
 etc. The 
mechanism for the formation of such radicals has been extensively discussed in the 
literature by multitude of authors. Briefly, exciton (e
−
 and h
+
 pair) could be generated in 
photocatalysts upon providing appropriate photonic energy (equal to or greater than the 
band gap). Excited conduction band electrons could readily reduce O2 to O2
−•
 while the 
holes in the valence band can oxidize water, generating OH
•
 radicals. As stated above, 
these radical species are very reactive, though short lived, and make the photocatalytic 
process non-selective. Hence, in order to determine and interpret the operative 
mechanism responsible for the high selectivity, the involvement of such radicals in the 
oxidation process was examined. Since terephthalic acid is an excellent trapping agent for 
OH
•
, gets transformed into fluorescent 2-hydroxyterephthalic [58], it was utilized as a 
probe molecule to monitor the formation of OH
• 
in the reaction media. The change in 
fluorescence intensity, which is a function of OH radicals, was monitored by 
photoluminescence. Formation of OH
• 
in the reaction media was followed both in the 
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absence and presence of 4-MBA and results are illustrated in fig 5.10. Significant amount 
of 2-hydroxyterephthalic was formed with respect to irradiation time, as indicated by the 
high intensity, when terephthalic acid was irradiated without 4-MBA, suggesting the 
generation of OH
•
 via oxidation of H2O. However, when irradiation was performed in the 
presence of 4-MBA, the PL intensity was significantly attenuated revealing the 
predominant oxidation of alcohol over that of water. This suggested that the involvement 
of OH radicals in the oxidation of alcohol is less likely. Relatively, the involvement of O2 
is intricate as compared to OH radicals as O2 can play a dual role, could either be directly 
incorporated to yield oxygenated product or serve as the conduction band electron 
acceptor, in the photocatalytic oxidation process [62].
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Figure 5.10 Change in fluorescence intensity of terephthalic acid as a function of irradiation time 
in aqueous suspensions of Pt/Bi2WO6: (A) in absence and (B) presence of 4-MBA. 
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In order to elucidate the rate determining factor and to shed light on the operative 
mechanism, oxidation of alcohol was studied in presence of various radical and electron 
scavenging entities, such as molecular O2 and N2, benzoquinone, ammonium persulfate 
((NH4)2S2O8), and ammonium oxalate ((NH4)2C2O4), and obtained results are illustrated 
in fig 5.11. To determine the role of O2, the oxidation of 4-MBA was carried out both in 
the absence and presence of molecular O2, by bubbling N2 or O2 through photoreactor. 
Results, presented in fig 5.11, showed that the conversion was profoundly dependent on 
the ambient environment. Apparently, the oxidation in the absence of oxygen was slow 
(ca. 27%), indicating that O2 played significant role in the oxidation of 4-MBA. 
Oxidation was also assessed under highly O2-saturated environment, O2 was bubbled 
throughout the course of the reaction, but inconsequential improvement was observed and 
obtained results were analogous to that of obtained only with dissolved oxygen. This 
indicated that the dissolved O2 is adequate to drive the effective oxidation and the process 
was independent of any oxygen transport limitation. To further delve into the O2 
involvement, reactions were carried out employing (NH4)2S2O8 as an alternative electron 
acceptor in the absence of O2 where ~45% conversion was noticed. This observation 
indicated that O2 is serving as effective electron acceptor, which attenuates the 
recombination of exciton, during the oxidation 4-MBA. Furthermore, when 
benzoquinone was utilized as a trap for O2
−•
, the oxidation of 4-MBA was only ~12%.  
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Figure 5.11 Effect of electron, hole and O2
−• 
radical scavengers on the photocatalytic oxidation of 
4-MBA; (a) under dissolved oxygen, (b) under bubbling of O2, (c) in absence of O2 or under 
bubbling of N2, (d) in absence of O2 or presence of (NH4)2S2O8 , (e) in presence of benzoquinone, 
and (f) in presence of (NH4)2C2O4. 
Experimental condition: irradiation time = 4 h, 4-MBA concentration = 0.8 mM, 0.5%Pt/Bi2WO6 
amount = 0.5 gL
-1
, volume (H2O) = 130 ml. 
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It should be noticed that benzoquinone could be preferably oxidized under such 
experimental conditions and also serve as a valence band hole trap [63]. With this view, 
(NH4)2C2O4 was employed as a hole trap and extent of oxidation was investigated. 
Interestingly, the results obtained in presence of (NH4)2C2O4 were comparable to that 
obtained in presence of benzoquinone. This observation apparently revealed the critical 
involvement of valence band holes, rather than O2, in the oxidation. Based on such 
findings, a plausible mechanism involving various possible pathways is presented in fig 
5.12. However, it seems rational to postulate that the two-step oxidation of 4-MBA 
predominantly took place through valence band holes, which also appears to be a rate 
determining step, while O2 primarily contributed in the improvement of photocatalytic 
efficiency by preventing electron-hole pair recombination. Moreover, the path (B) seems 
more likely as the formation of radical at the β-carbon, in case of path B, may result in 
the delocalization of this electron in the adjacent benzene ring, imparting additional 
stability and rather slow oxidation of 4-MBA. 
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Figure 5.12 A proposed mechanism of photocatalytic oxidation of 4-MBA. 
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With the noted fact that noble metal supported catalysts are capable of driving oxidation 
of alcohols, oxidation of 4-MBA was investigated under dark in aqueous suspensions of 
Pt/Bi2WO6. Decrease in alcohol concentration and formation aldehyde, as a function of Pt 
amounts (0.5, 1.0, 2.0 and 5.0 wt%), deposited on nanoporous Bi2WO6 are shown in fig 
5.13. It could be readily seen that noticeable formation of aldehyde took place even in the 
dark. However, change in 4-MBA concentration or formation of p-anisaldehyde was not 
noticeable in presence of pure Bi2WO6. Oxidation of alcohols on the surface of noble 
metals, supported or unsupported, has been discussed previously[11], and critical steps 
involved are presented in fig 5.14. Briefly, the reaction starts by the adsorption of 
alcohols onto the catalysts surface followed by the formation of metal alkoxide and metal 
hydride (on the neighbouring Pt atom). The adsorbed metal alkoxide undergoes β-hydride 
elimination process producing aldehyde, though ketones may also be produced at this 
stage but were not observed in this study. Finally, the adsorbed hydrogen undergoes 
oxidation through molecular oxygen producing water molecule and regenerating the Pt 
active sites for the further oxidation. 
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Figure 5.13 (A) change in 4-MBA concentration, and (B) formation of p-anisaldehyde under dark 
in presence of Bi2WO6 having various amounts of Pt.  
Experimental conditions: 4-MBA concentration = 0.8 mM, photocatalyst amount = 1.0 gL
-1
, 
volume (H2O) = 130 ml. 
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Figure 5.14 Steps for the oxidation of 4-MBA in the dark on the surface of Pt/Bi2WO6. 
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5.5 Conclusions 
 
In summary, we have demonstrated that selective and quantitative photo-conversion of 
alcohols into corresponding aldehydes with high yield could be achieved with Ag3PO4 in 
water under mild conditions. Enhanced activity and selectivity are attributed to the high 
oxidation potential of Ag3PO4, passive behavior of O2
−•
, and weak generation and 
ineffectiveness of OH
•
 radicals. Mechanistic observations may be anticipated to offer 
impetus to identify or custom-tailor other potential photocatalysts for selective 
photocatalytic oxidations. Although oxidation of few selected alcohols only were 
demonstrated, Ag3PO4 is likely to be active for a variety of other essential oxidation 
reactions. Also it was evidenced that highly efficient, chemoselective and quantitative 
conversion of aromatic alcohols into their corresponding aldehydes (mole-to-mole 
conversion) could be achieved in presence of nanoporous hierarchical Pt/Bi2WO6 spheres 
in water under mild conditions under simulated sunlight. High efficiency of Bi2WO6 
could be attributed to nanoporous surface and hierarchical architecture, besides Pt 
nanoparticles that prevented the recombination of exciton. Alcohol competed with water 
and predominantly oxidized minimizing the generation of OH
•
 resulting from water 
splitting. Based on this, it appears rational to envisage that the reduction site of the 
semiconductor photocatalysts is more pivotal to be engineered in order to obtain high 
chemoselective oxidation of alcohols. Furthermore, it is postulated that the valence band 
holes are the primary catalytic sites for the two-step oxidation of alcohols, rather than 
direct oxidation through molecular oxygen, under studied photocatalytic conditions. 
Nanocomposite Pt/Bi2WO6 showed considerable conversion of 4-MBA into p-
anisaldehyde under dark, though the conversion was relatively slow. 
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